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Abstract— This study aims to review supply 
chain risks and construct a model of supply chain 
performance for Thai cassava chip exports to China 
to test the relationship between supply chain risks 
and supply chain performance. The primary 
theoretical model was constructed from four main 
supply chain risk factors, product risks, demand-side 
risks, logistical and infrastructural risks, and political 
risks, and five main supply chain performance 
variables, dependability, speed, qualities, information 
and response, adapted from [1] and S.M. [2]. 
Questionnaires were distributed to 46 Thai cassava 
chip exporters and stakeholders and analyzed using 
the PLS-SEM algorithm. With confidence intervals of 
95%, demand-side risks and political risks impact 
supply chain performance. The Thai government and 
Thai entrepreneurs can analyze the results of possible 
risk factors to develop a supply chain for the Thai 
cassava chip industry. 
Keywords— Cassava in ASEAN, Thai cassava chip, 
Supply chain risks, Supply chain performance, PLS-SEM 
 
1.  Introduction 
Cassava is used to provide food and energy, and it 
provides income to farmers. From 2012 to 2016, 
world cassava production increased 2.88% per 
year. Most cassavas are planted in Africa, followed 
by Asia, Latin America and Oceania, with54.44, 
34.52, 10.94 and 0.10% of area planted, 
respectively. In 2016, Thailand had the largest 
planted area in ASEAN with approximately 38%, 
followed by Indonesia, Vietnam, Cambodia and the 
Philippines at 28, 14, 13 and 6%, respectively. 
Cassava is the fifth most common agricultural crop 
in Thailand after wheat, maize, rice and potato. 
Thailand’s average growth rate of cassava planted 
area, harvested area and production from 2012-
2017 was 0.45, 0.36 and 0.95%, respectively [3]. In 
2017, Thailand had approximately 322 drying 
yards (cassava chip producers). Most Thai 
manufacturers are highly experienced and utilize 
high-tech machinery. Thailand exports more than 
85% of its cassava chips, while the rest is 
consumed domestically in alcohol, chemical and 
animal feed production. Moreover, in 2018, 
Thailand was the largest cassava exporter in the 
world with 53% market share, and it had the 
highest cassava chip export value ratio in the world 
at 90.52%. 99.35% of Thai cassava chips are 
exported to China. Therefore, the export of cassava 
chips plays an important role in Thailand, 
especially in relation to China [4].  
From 2015 to 2017, cassava chip exports to 
China decreased due to high competition in the 
cassava chip market in ASEAN countries, 
especially Vietnam and Cambodia. Therefore, to 
prepare for the high intensity of market 
competition, supply chain risks and supply chain 
performance are considered important issues in the 
industry and are critical to improving Thai cassava 
chip exports to China. 
2. Literature Review 
2.1. Supply chain risk 
 
Any events disrupting important flows in the 
supply chain to limit distribution are considered 
supply chain risks [5]-[6]-[7]-[8]-[9]. However, 
supply chain risks can be difficult to identify 
depending upon the industry. According to [10], 
there is not a certain definition of risk in supply 
chain management because it is still a controversial 
topic. Furthermore, the risk formula depends on the 
perspective and understanding of the assessors in 
each field and can be perceived as a knowledge-
based evaluation [11]. Therefore, the study adapts 
risks in the agricultural product from the study of 
[1] to the cassava chip supply chain. In the 
agricultural food supply chain, there are many risks 
(disruptions), including market issues, logistical 
and infrastructural issues and political issues [12]-
[13]-[14]. In addition, according to the study of [2], 
product risks include quality of the product, cost 
(the price of the product) and process (product 
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manufacturing process) [15]-[7]. 
 
2.2 Supply chain performance 
 
Supply chain performance is important to enhance 
the industry’s competitiveness. Supply chain 
integration can improve competitiveness and give 
insights for effective decision making from supply 
chain performance measurements [16]. However, 
supply chain performance is difficult to measure. 
Supply chain performance measurement is 
important to monitor strategic achievement, but the 
measurement of each supply chain depends on its 
own specific variables [17]. Therefore, the study 
adapts supply chain performance measurements 
from the closest industry from the study of [1]. This 
study suggests agri-food supply chain performance 
measurements of dependability, speed, quality and 
information response [18]-[19]-[1]. 
Many studies show that supply chain risks can 
affect supply chain performance. Supply chain 
risks result in unreliability and uncertainty, which 
interrupts the response between demand and supply 
in the supply chain [20], and the uncertainty can 
affect supply chain performance. Study [21] 
examines negative factors in the supply chain, with 
the purpose of identifying factors that disturb the 
supply chain’s effectiveness, illustrating how 
supply chain performance is affected by vertical 
and horizontal concepts due to supply chain risk. 
Hence, firms should focus on supply chain risks to 
improve supply chain performance. It is very 
difficult to have an effective supply chain [22] 
because of the importance of dealing with the 
consequences of the risks affecting supply chain 
performance [23]-[24]-[25]. According to the study 
of [1], observing the agricultural food supply chain 
can help managers and firms manage risks and 
develop supply chain performance. Therefore, the 
authors reviewed supply chain risks and 
constructed a supply chain performance model of 
Thai cassava chip exports to China according to the 
adaptation of the following table: 
 
 
Table 1. The supply chain risk and the supply 
chain performance variables 
 
Main variables Sub-variables 




- Dependability:  meeting quoted or 
anticipated delivery dates and quantities 
on a consistent basis (DEP) 
- Speed: time between order receipt and 
customer delivery (SP) 
- Qualities: number of faultless delivery 
(Q) 
- Information: information richness in 
carrying out delivery (INF) 
- Response: response to the number of 
urgent deliveries (RES) 
Supply chain risk factors 
Demand-side 
risk (DS risks) 
- Unanticipated or very volatile customer 
demand (UNA) 
- Insufficient or distorted information 
from customers about orders or demand 
quantities (INS) 






- Incremental changes in energy cost 
(ENE) 
- Undependable transport (TRANS) 
- Conflicts, labor disputes affecting 
transport (LB) 




- Political instability, war, civil unrest or 
other socio-political crises (CP) 
- Interruption of trade due to disputes 
with other countries (INT) 
- Changes in the political environment 




- Quality of product (QP) 
- Cost (C) 
- Process  (PROC) 
Source: Adapted from (E.Y. Nyamah et al., 2017; 
S.M. Zanjirchi et al., 2016 
 
2.3 Effects of supply chain risks to supply 
chain performance 
 
From the literature review, the authors constructed 
the supply chain risk factors consisting of demand-
side risk, a product risks, logistical and 
infrastructural risks, political risks, and the 
construct of supply chain performance consists of 
dependability, speed, qualities, information and 
response. Therefore, the study hypothesizes the 
impact of the supply chain risks and the supply 
chain performance by the following reasons: 
 
H1. The demand-side risk affects supply chain 
performance: 
Demand-side risks can be the source of 
mismatch between the expectation of the customer 
and the reality so that it can disturb the physical 
distribution of products from the firm to the 
customer [23]. Moreover, from the study’s result of 
[26], the demand side risks which were considered 
as independent variables had a positive relationship 
to the seller performance in the supply chain. 
Therefore, demand-side risks can be the impact of 
supply chain performance. 
 
H2. The product risks will affect supply chain 
performance: 
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Product risks have three sub-variables consisting 
of product quality, the price of the product and 
product manufacturing process [15]-[7]. 
Furthermore, quality of product and process is one 
of the main ASCOS (Absolute Supply Chain 
Strategy Orientation) factors affecting supply chain 
performance [27]. Moreover, from the result of the 
study of academician’s perspectives present three 
major risks in the shallot supply chain from Brebes 
to Jakarta is price and quality risks followed by 
market risk [28]. Therefore, the product risk can be 
influential the supply chain performance. 
 
H3. The logistical and infrastructural risks will 
affect supply chain: 
Logistics and infrastructure are one of the 
important issues in most supply chains. Logistics 
and infrastructure are the important factors in agri-
food supply chain concerning the right product 
delivering to the customer at the right volume with 
the right condition to the right time, place and cost 
[28]-[29]-[30]. Hence, the ineffective logistics and 
infrastructure can lead some disruptions in the 
supply chain performance. The interruption of any 
decision making, for example, reliable and 
affordable transportation, information system and 
effective communication can negatively affect the 
agri-food supply chain performance [31]-[19. 
Therefore, the logistical and infrastructural risks 
can lead to some impacts to the supply chain 
performance. 
 
H4. The political risks will affect supply chain 
performance: 
The political issues can displace the employees  
and workers from the duties, and it can cause 
export’s delay, logistics payment process of the 
work and firms’ performance [32]. Therefore, the 
political risks can be the risk factor affecting the 
supply chain performance.   
 
3. Research and Methodology 
The study combines qualitative and quantitative 
methods, using in-depth interviews, field work and 
questionnaires to achieve its objectives. The 
respondents are Thai cassava chip exporters and 
stakeholders in the Thai cassava industry who 
export Thai cassava chips to China and who are 
registered in The Thai Tapioca Trade Association. 
The data were analyzed by the PLS-SEM algorithm 
using SmartPLS 3.2.7 software to test the 
relationship between supply chain risks and supply 
chain performance in Thai cassava exports to 
China. 
The authors applied the PLS-SEM sampling 
guideline technique of the ten-time rule; the 
minimum sample size should be more than 1) 10 
times the highest number of formative indicators 
used to measure one construct in the constructed 
model and 2) 10 times the highest number of 
structural paths directed at a particular dependent 
variable construct in the structural model [33]. The 
highest number of formative indicators in this study 
is 5; therefore, the sample size should be a 
minimum of 50.  Hence, 100 Thai cassava chip 
exporters and stakeholders are the samples in the 
study. 
The data were collected from both primary and 
secondary sources. For the primary source, the 
authors visited Thai cassava chip exporters and the 
stakeholders and conducted in-depth interviews to 
identify supply chain risks and supply chain 
performance. The authors then reinforced the 
supply chain risks and supply chain performance 
using literature review as a secondary source. The 
interview questionnaire consisted of 3 parts: 
general information (company profile name, annual 
company revenue, age of the company, number of 
employees, exporting transportation mode, export 
proportion to China and export quantity), supply 
chain risks affecting the cassava supply chain, and 
supply chain performance factors affecting the 
cassava supply chain. Respondents used the Likert 
scale (1=Strongly Disagree, 2=Disagree, 
3=Neutral, 4=Agree, 5=Strongly Agree). 
Therefore, the primary theoretical model was 
constructed as the following figure: 




Figure 1. Primary theoretical model 
 
4. Result 
4.1 Outer model evaluation 
 
The authors ran the data by PLS-SEM algorithm 
with SmartPLS 3.2.7 software, and it showed the 
correlation between observed variables and latent 
variables in the model. 
 
 
Figure 2. Full PLS-algorithm model 
 
Figure 2 shows the outer loading score between 
observed variables and latent variables in the 
model. According to [34], the convergent validity 
of all subvariables must be more than 0.7. 
Therefore, the indicators of all subvariables which 
are less than 0.7 would be removed. The removed 
subvariables are INS (0.584) from Demand-side 
risk (latent variable 1), PROC (0.558) from Product 
risk (latent variable 2), ENE (0.128) and TRANS 
(0.404) from Logistical and infrastructural risks 
(latent variable 3), INT (0.239) from Political risks 
(latent variable 4), and INF (0.518), Q (0.658) and 
RES (0.528) from Supply chain performance 
(latent variable 5). 
4.2 Construct Reliability and Validity 
 
After running the PLS-SEM algorithm and 
removing the subvariables which are less than 0.7, 
the correlations among the rest of the constructed 
model were evaluated to meet the requirement of 
construct validity (table 2) and discriminant 
validity (tables 3 and 4) shown in the following 
table:  
 


























CP 0.938 0.812 0.913 0.84 
CR 0.894 
SCP 
DEP 0.957 0.896 0.951 0.91 
SP 0.946 
Note: AVE stands for average variance extracted 
 
According to [35], the loading must be higher than 
0.7 for reliability indicators. On the other hand, for 
consistency reliability Cronbach’s α must be higher 
than 0.7, composite reliability must be higher than 
0.8, and AVE must be higher than 0.5. From table 
2, all the indicator loading values are higher than 
0.7. Additionally, all of Cronbach’s α values are 
larger than 0.7, all the composite reliability values 
are larger than 0.8, and all of the AVE values are 
higher than 0.5. Therefore, all the values meet the 
requirements of reliability and validity. To 
elaborate further, Cronbach’s α is able to estimate 
the reliability of the variables due to their 
interrelationships, and the composite reliability can 
show the individual reliability of items due to their 
different indicator loadings [34]. Additionally, 
AVE is considered the great mean value of squared 
loadings of the indicators group which is similar to 
a construct’s commonality. Hence, 0.5 of AVE 
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means that the construct can describe its indicators 
with larger than half of the variance [34]. 
 













0.921     
L&I 
risk 
0.489 0.903    
Pol 
risks 
0.512 0.494 0.916   
Pro 
risks 
0.359 0.591 0.533 0.853  
SCP 0.569 0.571 0.615 0.503 0.952 
Note: The bold numbers are the square root of the 
AVE values of each respective construct. 
 
According to [36], AVE’s square root values must 
be equal to or higher than all off-diagonal values of 
each construct. For example, off-diagonal values of 
demand-side risk are 0.921 which is equal to or less 
than AVE’s square root values of demand risk, 
which is 0.921 (from original AVE value of 
demand-side risk, which is 0.847). Similarly, off-
diagonal values of supply chain performance are 
0.952, which is equal to or less than AVE’s square 
root values of supply chain performance which is 
0.952 (from original AVE value of supply chain 
performance, which is 0.906). All the off-diagonal 
values of latent variables in the Fornell-Larcker 
Criterion are equal to or less than AVE’s square 
root values themselves. According to [37], Fornell-
Larcker Criterion can test discriminant validity; 
therefore, the Fornell-Larcker Criterion’s 
evaluation meets all the requirements for 
discriminant validity. 
 
Table 3. Discriminant validity: Loading and 










REQ 0.919 - - - - 
UNA 0.922 - - - - 
C - 0.979 - - - 
QP - 0.705 - - - 
INFR
A 
- - 0.932 - - 
LB - - 0.873 - - 
CP - - - 0.938 - 
CR - - - 0.894 - 
DEP - - - - 0.957 
SP - - - - 0.946 
Note: The bold numbers describe an item’s 
loadings which are larger than all of its cross-
loadings compared to other constructs. 
 
According to [38], for cross-loading criterion, the 
values of loading indicators must be equal to or 
higher than their cross-loading constructs. From 
table 4, the loading of all independent variables is 
equal to or higher than their cross-loading 
constructs from other latent variables except their 
latent variables. For example, REQ has the highest 
cross-loading construct (0.919) in demand-side 
risk, and it is similar to UNA which has the highest 
cross-loading construct (0.922) in demand-side 
risk. Moreover, DEP has the highest cross-loading 
construct (0.957) in supply chain performance, and 
it is similar to SP which has the highest cross-
loading construct (0.946) in supply chain 
performance. Therefore, evaluation of loading and 
cross-loading criterion in the model meets the 
requirement of discriminant validity. 
4.3 Inner Model Evaluation 
 
The PLS-SEM algorithm cannot construct a 
standard goodness-of-fit statistic despite prior 
efforts to develop a corresponding statistic the 
model can produce [39]. However, the PLS-SEM 
algorithm can be accessed by using the model’s 
quality due to the capability of the endogenous 
constructs (inner model) consisting of the 
coefficient of determination (R²), and path 
coefficient [34]. Therefore, the study will show R² 
values in the following table while the path 
coefficient will be presented in the next step. 
 
Table 4. R-Square 
 
 R² 
Supply chain performance  
(latent variable 5) 
0.524 
 
R² measured the model’s accuracy of prediction, 
or to put it another way, R² can represent how 
much exogenous variables can affect endogenous 
variable(s). The value of R² ranges from 0 to 1 with 
1 signifying perfectly predictive ability. 
Additionally, there are many disciplines related to 
R², but the scholar must meet a “rough” rule of 
thumb which considers R² values of 0.75, 0.50 and 
0.25 to mean substantial, moderate and weak levels 
of predictive ability, respectively [40]-[41]. To 
illustrate, table 5 shows R² value (0.524) which 
means supply chain performance (latent variable 5) 
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can be explained by supply chain risks consisting 
of demand-side risk (latent variable 1), product risk 
(latent variable 2), logistical and infrastructural 
risks (latent variable 3), and political risks (latent 
variable 4) in the amount of 52.4%. Therefore, the 
predictive ability of supply chain risks to supply 
chain performance is 0.524, which is moderate. 
4.4 Inner Model Evaluation 
The results of hypothesis tests are computed by a 
bootstrapping technique with 5000 iterations (one-
tail) to analyze the significance level of structural 
relationships. Therefore, Path coefficient values are 
evaluated from the PLS-SEM algorithm while the 
bootstrapping technique provides standard error 
and T statistics values in the following table: 
 




Sample mean Standard error T statistics Decision 
DS risks → 
SCP 
0.260 0.252 0.122 2.130 Supported 
L&I risks → 
SCP 
0.225 0.230 0.163 1.376 Not supported 
Pol risks 
→ SCP 
0.312 0.306 0.167 1.869 Supported 
Pro risks → 
SCP 
0.111 0.119 0.133 0.830 Not supported 
 
 
The path model is run through the bootstrapping 
technique with 5000 iterations and one-tail results 
in the figure below.  
 
 
Figure 3. Bootstrapping results with 5000 
iterations 
 
According to the hypotheses of the study, the 
indicators meeting the requirements for further 
analysis were demand-side risks (REQ = changes 
in food safety requirements and UNA = 
unanticipated or very volatile customer demand), 
product risks (C = cost and QP = quality of 
product), logistical and infrastructural risks 
(INFRA = lack of infrastructure and services unit 
and conflicts and LB = labor disputes affecting 
transport), political risks (CP = political instability, 
war, civil unrest or other sociopolitical crises and 
CR = changes in the political environment due to 
the introduction of new laws, stipulations), and 
supply chain performance (DEP = dependability 
and SP = speed). 
H1. Demand-side risks affect supply chain 
performance: 
The results show that demand-side risks affect 
supply chain performance with a coefficient 
parameter of 0.260, standard error of 0.122 and a t-
statistic of 2.130 (from t-table with a 5% 
significance level and 99 degrees of freedom), 
which is larger than 1.66. Therefore, H1 is 
supported by these statistics as well as by many 
studies. Demand-side risks can be the source of 
mismatch between customer expectations reality, 
which can disturb the physical distribution of 
products from the firm to the customer [23]. 
Moreover, [26] shows that demand-side risks 
which were considered as independent variables 
had a positive relationship to seller performance in 
the supply chain. Therefore, demand-side risks can 
impact supply chain performance. 
H2. Product risks affect supply chain performance: 
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The results show that product risks do not affect 
supply chain performance with a coefficient 
parameter of 0.111, standard error of 0.133 and a t-
statistic of 0.830 (from t-table with a 5% 
significance level and 99 degrees of freedom) 
which is less than 1.66. Therefore, H2 is not 
supported. However, based on the statistics of 
cassava production and the in-depth interviews, 
Thailand has the highest cassava production in 
ASEAN compared to their competitors Vietnam 
and Cambodia. However, China, with its high 
cassava demand, imports cassava chips from 
Thailand with less consideration of product risk. 
H3. Logistical and infrastructural risks affect the 
supply chain: 
The results show that logistical and 
infrastructural risks do not affect supply chain 
performance with a coefficient parameter of 0.225, 
standard error of 0.163 and a t-statistic of 1.376 
(from t-table with a 5% significance level and 99 
degrees of freedom), which is less than 1.66. 
Therefore, H3 is not supported. According to [42], 
Thailand ranks 32nd in the logistics performance 
index with a 3.41 LPI score, which is higher than 
Vietnam and Cambodia and is substantially higher 
than most ASEAN countries; moreover, the in-
depth interviews showed that from an exporter’s 
perspective, Thailand has more effective logistics 
and infrastructure compared to competitors such as 
Vietnam and Cambodia. 
H4. Political risks affect supply chain performance: 
The results show that political risks affect supply 
chain performance with a coefficient parameter of 
0.312, standard error of 0.167 and a t-statistics of 
1.869 (from t-table with a 5% significance level 
and 99 degrees of freedom), which is larger than 
1.66. Therefore, H4 is supported. Moreover, 
political issues can displace employees and workers 
from their duties, and it can cause export delays, 
logistics payment process of the work and firms’ 
performance [32]. 
Furthermore, in developing countries, political 
policy can change frequently, and high political 
risk can lead to market failures [43]. For example, 
according to [44], the Zambian Government 
changed its corn export policies three times in one 
year. In conclusion, political risks can affect supply 
chain performance in Thailand due to the 
abovementioned reasons for the developing 
country.   
5. Conclusions 
 
The study was conducted to review supply chain 
risks and supply chain performance factors of Thai 
cassava chip exports to China. The study showed 
that supply chain risks for Thai cassava chip 
exports to China consist of demand-side risks (from 
independent variables Changes in food safety 
requirements and Unanticipated or very volatile 
customer demand), product risks (from independent 
variables Cost and Quality of product), logistical 
and infrastructural risks (from independent 
variables Lack of infrastructure and services unit 
and Conflicts, labor disputes affecting transport), 
and political risks (from independent variables 
Political instability and Changes in the political 
environment). On the other hand, supply chain 
performance for Thai cassava chip exports to China 
consists of dependability and speed.  
Additionally, the study was conducted to 
enhance the understanding of how the stated supply 
chain risks affect supply chain performance in a 
particular industry. The construct validity 
(consisting of loading, Cronbach’s α, composite 
reliability, and AVE values), and discriminant 
validity (consisting of Fornell-Larcker Criterion 
and Loading and Cross-Loading Criterion) meet the 
requirement. Furthermore, the R-Square value is 
equal to 0.524. This means the supply chain risks 
(demand-side, product, logistical and 
infrastructural, and political) are moderate 
predictive indicators of supply chain performance. 
However, from the hypothesis testing, H1 “demand 
side risks affect supply chain performance”, and H4 
“political risks affect supply chain performance” 
are supported due to coefficient parameter, 
standard error and t-statistics values (from t-table 
with a 5% significance level and 99 degrees of 
freedom). H2 “product risks affect supply chain 
performance”, and H3 “logistical and 
infrastructural risks affect supply chain 
performance” are not supported. Therefore, 
demand-side risks and political risks in the supply 
chain share a relationship and have a direct effect 
on supply chain performance in Thai cassava chip 
exports to China from the perspective of Thai 
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